BACKGROUND/OBJECTIVES: Data from the Avon Longitudinal Study of Parents and Children (ALSPAC) have previously shown that dietary patterns are observable by 3 years. However, it is not clear when dietary patterns emerge. We aimed to describe dietary patterns in early life and their associations with maternal and infant sociodemographic characteristics. SUBJECTS/METHODS: Principal component analysis was applied to diet questionnaires of ALSPAC participants at 6 months (n ¼ 7052) and 15 months (n ¼ 5610) to extract dietary patterns. The sociodemographic factors associated with dietary patterns were investigated using regression analyses. RESULTS: Four dietary patterns were extracted at both 6 and 15 months. A traditional-style pattern characterized by home-prepared meats, vegetables and desserts, a second pattern characterized by ready-prepared baby foods and a third pattern characterized by discretionary foods such as biscuits, sweets and crisps were identified at both ages. At 6 months, the fourth pattern was characterized predominantly by breastfeeding and at 15 months, by contemporary-style foods including herbs, legumes, nuts, raw fruit and vegetables. Higher maternal age and education, number of siblings and lower body mass index (BMI) was associated with higher scores on the breastfeeding or meat, vegetables and desserts patterns, whereas higher discretionary food pattern scores were associated with younger maternal age, lower education, higher BMI and more siblings. Associations between sociodemographic factors and the ready-prepared baby food pattern scores were inconsistent across ages. CONCLUSIONS: Dietary patterns emerge from infancy and are associated with sociodemographic characteristics.
INTRODUCTION
Principal component analysis (PCA) is a multivariate technique that uses correlations between foods to identify underlying patterns of foods that are often consumed together. PCA has previously been used to characterize the diets of children enroled in a population-based birth cohort called the Avon Longitudinal Study of Parents and Children (ALSPAC). Three similar diet patterns were identified in ALSPAC children at 3, 4, 7 and 9 years, suggesting that diet patterns are established by age 3.
1 These patterns showed agreement over time, indicating that diets may track across childhood. It is important to understand when diet patterns emerge and the composition of such patterns, so that we can identify when and how to intervene to ensure children have the best nutritional start to life. However, in our systematic review of the literature, we found only two studies that examined dietary patterns of children o2 years. 2 Two similar patterns were reported from these studies, although they were conducted in different countries (United Kingdom and Norway). One pattern was associated with healthier behaviours, including adherence to dietary recommendations, and the other was characterized by snack foods such as biscuits and crisps. 3, 4 The aims of this study are twofold. The first aim is to apply PCA to identify major dietary patterns of ALSPAC participants at 6 and 15 months of age. These ages are ideal for examining dietary patterns because at 6 months, the diet will reflect the first types of foods introduced and by 15 months, most children should have completed the transition to family foods. The second aim is to examine associations between dietary patterns and sociodemographic characteristics of children and their mothers.
SUBJECTS AND METHODS
ALSPAC is a longitudinal birth cohort study that aims to examine the determinants of health and development. 5 All pregnant women residing in Avon, southwest England, who were expected to deliver between April 1991 and December 1992 were invited to participate. The core ALSPAC sample consists of 14 541 pregnancies with 13 988 infants alive at 1 year. ALSPAC participants have been followed up almost annually since birth and children are now aged 17 --19 years. Information about the ALSPAC cohort is published on the internet (http://www.bristol.ac.uk/alspac/). The study sample was broadly representative of the population, although ethnic minorities, single parents and unmarried couples were slightly underrepresented compared with the 1991 National Census of women residing in Avon. Ethical approval for the study was obtained from the ALSPAC Law and Ethics Committee and Local Research Ethics Committees.
Dietary data
Food and beverage data were collected by questionnaires that were posted to the primary caregiver when the study child was 6 and 15 months old. Postal reminders and phone prompts were given if questionnaires were not returned within 1 month. The questionnaire listed 43 food and beverage items at 6 months, increasing to 70 items at 15 months in accordance with the wider exposure to foods with age. The questionnaires were designed by an experienced dietician (PE) who selected items based on foods commonly fed to infants. Questionnaires included information on breastfeeding, formula feeding, as well as feeding behaviours and difficulties. 6 Specific questions asked whether babies were fed commercially made baby foods (from jar, tin or packet) such as savoury meat, fish, vegetables, fruit and milk puddings, and whether their baby was fed home-cooked foods such as potatoes, meat, egg and puddings. Caregivers were asked to complete questionnaires documenting whether their child had ever had each food/beverage item and if so, the age at which their child first had the item. Participants who had never consumed a food item were assigned an intake of zero. The age at introduction of a food/ beverage was used to exclude items introduced after 6 or 15 months of age. Current intake was obtained by asking caregivers how many times per week they fed their child an item 'nowadays' and these data were used in the analysis described in this paper. Portion size and exclusivity of breastfeeding was not obtained. The questionnaire has not been directly validated; however, food records in a subsample (n ¼ 852) at 4 months confirms the consumption of these foods. 7 Only questionnaires with complete information on all dietary questions were entered into PCA analysis. Questionnaires used in the present study are available at http://www.bristol.ac.uk/alspac/documents/ques-cb02-my-daughter.pdf (6-month questionnaire) and http://www.bristol.ac.uk/alspac/documents/ ques-cb03-my-infant-daughter.pdf (15-month questionnaire).
Maternal sociodemographic and health behaviours
Information on maternal age, education, social class, pre-pregnancy weight and height, marital status, current or previous tobacco smoking and number of children (o16 years) living in the family home was collected by postal questionnaires between 8 and 32 weeks of gestation. Maternal education was reported as the highest completed level of five categories from Certificate of Secondary Education (CSE), Vocational training, O (ordinary)-level (taken by the top 25% of CSE at 16 years), A (advanced)-level (involving 2 years of study beyond O-level) and Xdegree. The CSE, O-levels and A-levels are completed at secondary school. Social class was categorized by maternal occupation during pregnancy rather than at the diet assessments as mothers may have left the workforce to care for their child. 8 Body mass index (BMI, kg/m 2 ) was calculated from maternal report of pre-pregnancy weight and height.
Infant information
Infant sex, birth weight and singleton/multiple birth information was collected by ALSPAC staff at birth, from medical records or birth notification. Ethnicity was obtained by questionnaire sent to the mother during pregnancy.
Dietary pattern analysis
PCA was conducted using PASW, version 17.0 (SPSS Inc., Chicago, IL, USA) to explore latent diet patterns on a continuous scale. PCA is a multivariable data-reduction technique that uses correlations between foods to identify latent components or 'patterns', such that foods with wide frequencies of consumption have a stronger influence on the pattern. Rotation of the correlation structure maximizes the variance within components, and hence loadings on each component are more distinguishable. An oblimin rotation was applied in this study because it is more flexible for examining the latent structures. 9, 10 The number of components extracted was based on the second break in the Scree plot and interpretability, which is common for identifying major dietary patterns.
11
Food items were entered into PCA as frequency of consumption (times/ week). Some caregivers reported their child consuming a food 'all the time'. These responses were re-coded as the median intake of participants who consumed that food item. Food items were not grouped for PCA as associations between patterns and outcomes may differ depending on how foods are grouped. 12 Pattern scores were calculated for each participant by summing the product of a standardized frequency of consumption of each item by factor loadings. 13, 14 Patterns were approximately normally distributed, had a mean of 0 and s.d. of 1. Patterns were named based on foods with loadings X|0.3| to aid discussion.
Statistical analysis
Participants with complete information on all food items at 6 and 15 months were compared with nonrespondents using independent t-tests for continuous variables and w 2 tests for categorical variables. Face validity of dietary patterns was examined by comparing frequency of intakes across quartiles of pattern scores. Multivariable linear regression was used to evaluate whether maternal or infant characteristics were independently associated with dietary pattern scores. The number of components extracted, food loadings and association between patterns and sociodemographic variables were consistent between analyses based on complete case data and using all available data. Analyses using all available data are reported. Regression coefficients and 95% confidence intervals were used to evaluate the strength and precision of associations between sociodemographic factors and dietary patterns. Statistical analyses were conducted using STATA (Intercooled 11.0, StataCorp, College Station, TX, USA).
RESULTS
At 6 months, 11 485 questionnaires and at 15 months, 11 073 questionnaires were returned, with the majority of questionnaires received within 2 months of the target age at 6 (n ¼ 10 728; 93%) and 15 months (n ¼ 10 520; 95%). The flow of participants through the study is shown in Figure 1 . Mothers who responded with complete diet information at 6 months (n ¼ 7052; 61% of respondents) and 15 months (n ¼ 5610; 51% of respondents) differed from nonrespondents. The proportion of mothers in each education and social class category differed, and respondents Mothers recruited during pregnancy n=14,541
Live births n=14,062
Follow up of infants at 6 months n=11485
Complete dietary data for 6-month-old PCA a n=7052
Complete data on all covariables at 6 months b n=5129
Follow up of toddlers at 15 months n=11073
Complete dietary data for 15-month-old PCA a n=5610
Complete data on all covariables at 15 months b n=3998 Figure 1 . Participants at enrolment, birth, data collection and analysis. PCA, principal component analysis. a Dietary pattern analysis was conducted on participants with complete data on all food variables at 6 or 15 months of age. Analysis of the sociodemographic predictors of dietary patterns were conducted on participants for which all covariable and dietary data were available.
were slightly older, nonsmokers, primiparous and had fewer missing data compared with nonrespondents (Table 1) . Food intake and dietary patterns at 6 months The 10 foods consumed most frequently by participants at 6 months of age were (mean (median), nonconsumers assigned 0 times/week): infant formula 13.4 (21), breastfeeds 7.9 (0), baby rice cereal 4.6 (7), baby fruit pudding 3.7 (3), home-prepared vegetables 3.7 (3), baby vegetables 3.3 (3), baby meat 3.11 (3), home-prepared potatoes 3.1 (3), fruit drink 2.8 (1) and plain rusks 2.0 (1). The addition of sugar or cereal to infant bottles occurred in 8.6% and 2.7% of infants, respectively.
Four dietary patterns were extracted at 6 months of age. Table 2 shows loadings for food items on each pattern. Foods loading strongly on the first pattern included (25th --75th percentiles in times/week); home-prepared vegetables (1 --7), potato (0 --5), meat (0 --3), fish (0 --1), fruit puddings (0 --3), milk puddings (0-0) and egg (0 --0), which are associated with a traditional English-style diet, and therefore the first pattern was named 'Meat, Vegetables and Desserts'. Biscuits (0 --0), chocolate (0 --0), tea (0 --0), sweets (0 --0), bread (0 --2), cola (0 --0), other fizzy drinks (0 --0) and adding sugar to infant bottles loaded on the second pattern, named 'Biscuits, Sweets and Crisps'. The third pattern, labelled 'Ready-prepared baby foods', was characterized by commercially manufactured foods for infants including tinned/jar meat (0 --5), fruit pudding (1 --7), vegetables (1 --5), milk pudding (0 --5) and fish (0 --1). The fourth pattern was termed 'Breastfeeding' as it had a strong positive loading on breastfeeding (0 --14), strong negative loading on infant formula (0 --21) and moderate loadings on raw fruit (0 --2) and vegetables (0 --0). A complete description of the mean frequency of food intakes across quartiles of pattern scores is Social class was categorized according to maternal occupation using UK standard classifications of occupation. 8 shown in Supplementary Table S1 . Together, Table 2 and  Supplementary Table S1 show that foods with strong positive loadings have a gradient increasing across quartiles of pattern scores and foods with negative loadings decrease across quartiles. Foods consumed infrequently (for example, goat milk) or very frequently by many participants (other cereals, cow's milk) do not load on any pattern as there is little variation in intake and no gradient across quartiles.
Food intake and dietary patterns at 15 months At 15 months, the foods consumed with a mean and median intake X4 times/week were (mean (median), nonconsumers assigned 0 times/week): cow's milk 11.5 (14) , breakfast cereal 5.7 (7), bread or toast 6.6 (7), biscuit 5.6 (5), meat products 4.4 (4), potatoes 5.4 (5), other vegetables 6.3 (7), yoghurt 4.4 (4) and raw fruit 4.3 (4) .
Four patterns were extracted at 15 months of age (Table 3) . Foods 'loading on the first pattern included herbs (25th --75th quartiles in times/week; 1 --4), legumes (1 --2), raw vegetables (1 --4) and fruit (3 --7), spices (1 --3) and cheese (2 --4), and was named 'Herbs, Raw Fruit and Vegetables'. Fizzy drinks (0 --2), sweets (1 --3), crisps (1 --3), biscuits (4 --7) and ketchup (1 --2) loaded on the second pattern and because of similarity with the second pattern identified at 6 months, it was named 'Biscuits, Sweets and Crisps'. Consistent with 6 months, commercially made baby foods loaded strongly on the third pattern at 15 months, which was named 'Ready-prepared baby foods' (includes rice cereal (0 --0), other baby cereal (0 --0) rusks (0 --2), baby meat (0 --1), baby vegetables (0 --1), baby milk pudding (0 --0) and baby fruit pudding (0 --2)). The fourth pattern extracted at 15 months was negatively associated with home-prepared, traditional British foods and was named 'Reverse Meat, Vegetables and Desserts'. The reverse direction of the association indicates that lower scores are associated with higher consumption of home-prepared potatoes (4 --7), meat products (3 --7), vegetables (5 --7) and milk puddings (1 --4). Similar to 6 months, a gradient of food intake across quartiles of dietary pattern scores at 15 months is evident for foods with high loadings (Supplementary Table S2 ). Foods consumed in high quantities by the majority of infants (for example, cow's milk, breakfast cereal) do not load on any pattern and have a consistently high intake across all quartiles of pattern scores.
Dietary patterns and sociodemographic characteristics After adjustment for covariables, maternal age, education, marital status, BMI and infants' number of siblings were independently associated with pattern scores at 6 months (Table 4) . For example, Xdegree education of mothers was associated with a 0.31 (95% confidence interval 0.19, 0.43) higher Meat, Vegetables and Desserts pattern score than the lowest education level. Higher scores on the Meat, Vegetables and Desserts pattern were associated with married mothers and infants of white ethnicity, whereas lower scores were associated with smoking during pregnancy, maternal BMI 430 kg/m 2 and infants with more siblings. Associations between the Biscuits, Sweets and Crisps pattern and sociodemographic variables were generally in the opposite direction, with higher scores associated with younger maternal age, lower education, smoking in pregnancy, higher BMI and more siblings. Higher scores on the Ready-prepared baby foods pattern were associated with younger maternal age, lower education and smoking in pregnancy. Breastfeeding pattern scores were positively associated with maternal age, education and more siblings, and negatively with smoking during pregnancy and maternal BMI X25 kg/m 2 . At 15 months, the associations between sociodemographic characteristics and scores on the Biscuits, Sweets and Crisps pattern were generally consistent with that at 6 months (Table 5 ). For example, maternal BMI X30 kg/m 2 was associated with a 0.43 (0.31, 0.55) higher score on the Biscuits, Sweets and Crisps pattern at 15 months. Lower scores on the Reverse Meat, Vegetables and Desserts pattern were associated with being married À0.25 (À0.33, À0.16) and the reverse direction indicates that a higher mean intake of traditional-style foods such as cooked meat and vegetables is associated with lower scores. Older mothers, not being married and not having other children predicted higher scores on the Ready-prepared baby foods pattern. Higher maternal age and education were positively associated, whereas being married and white ethnicity were negatively associated with Herbs, Raw Fruit and Vegetables pattern scores.
DISCUSSION
The present study involving a large population-based cohort provides evidence that dietary patterns are identifiable at 6 months of age and social factors are associated with these patterns. A strength of this analysis is that each pattern is clearly distinguishable by the type of foods loading on it. Of the four patterns extracted, three were similar at 6 and 15 months and these shared similarity to patterns identified in the Southampton Women's Study (SWS) at 6 and 12 months (n ¼ 1432) and the Norwegian Mother and Child Cohort (MoBa) at 18 months (n ¼ 27 763). 3, 4 For example, the Meat, Vegetables and Desserts pattern is similar to the SWS Infant guidelines and MoBa Wholesome patterns, whereas the Biscuits, Sweets and Crisps pattern is consistent with the SWS Adult Foods and MoBa Unhealthy patterns. The Ready-prepared baby foods pattern is similar to the SWS Baby jar foods at 6 months. Loadings of key foods such as breastfeeding and formula was strong at 6 months (rB0.8) declining to levels similar to those observed in the SWS at 15 months (rB0.1 --0.2). Foods loading on the Meat, Vegetables and Desserts, the Biscuits, Sweets and Crisps and Herbs, Raw Fruit and Vegetables patterns were similar to the Traditional, Processed and Healthy patterns identified in the ALSPAC cohort at 3 --9 years, 1, 15 suggesting that patterns present in childhood may emerge during infancy. However, not all early patterns are evident at later ages (for example, Breastfeeding and Ready-prepared baby foods), which is related to providing foods only appropriate for infants. Data collected in the United States at a similar period to ALSPAC show similarities in proportions of children being fed breast milk (B5%) and cow's milk (B90%), but there are large differences in other foods. 16 For example, 0% of 15-to-18-monthold US children were fed meat-based baby foods, 54% were fed non-infant cereals and 40 --50% were fed bread and biscuits, compared with 21%, 89% and 98% of ALSPAC children, respectively. 16 Therefore, further work is necessary to determine whether the findings are generalizable outside of England and Europe.
The mean frequency of food intakes across quartiles of pattern scores demonstrates the face validity of the patterns (Supplementary Tables S1 and S2 ). For example, the Meat, Vegetables and Desserts pattern is associated with higher intakes of home-cooked vegetables. However, foods consumed by many participants do not load on any pattern because the food is not unique to that style diet, and thus someone who scores highly on the Biscuits, Sweets and Crisps patterns may regularly consume cereals.
We extracted four dietary patterns at both ages, whereas the MoBa and SWS studies reported two or three patterns. It is possible that grouping foods may have resulted in such differences, although the number of patterns extracted may also be the result of broader extraction criteria. Our four-component solution was robust to different rotation methods (none, Varimax, Oblimin) and truncating intakes to be less right skewed (data not shown). The use of a food frequency questionnaire rather than other measures of diet is not a limitation of this work as food frequency questionnaires are considered appropriate for large population-based studies; 17 however, portion-size data were not included and the food frequency questionnaire used here has not been validated against other diet assessments. It is important to consider that attrition, missing data or that socioeconomic factors collected during pregnancy and not when diet was assessed may have influenced associations between diet and socioeconomic factors.
Diet patterns were associated with maternal age, education, smoking in pregnancy and the number of siblings, with associations consistent at both ages and with patterns at age 3. 18 Indeed, the SWS reported that higher maternal education, age and lower BMI were associated with healthier patterns at 6 and 12 months, and reverse associations were found with unhealthier patterns, 3 suggesting agreement across studies and time. Nevertheless, the association between the number of siblings and dietary patterns seemed contradictory. A greater number of siblings was associated with higher scores on Biscuits, Sweets and Crisps pattern, but was also associated with the Breastfeeding pattern. The association between siblings and Breastfeeding scores 19 and the impact of more siblings on poorer diet quality has been documented in ALSPAC and elsewhere. 15, 20 There is little empirical evidence on how diets change as the number of siblings increase and this may be an important area for further research.
In summary, dietary patterns can be identified at 6 months and these patterns show face validity for detecting variation in food intake across pattern scores. Whether these patterns are associated with later health and development is the subject of future research. Maternal age, education, BMI, smoking and number of siblings were the characteristics most strongly associated with dietary patterns. These data illustrate the natural history of diet and its social patterning.
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